APPENDIX A: ROM BIOS 
LISTINGS 



Line 

Page Number 

System ROM BIOS 

Equates A-2 12 

8088 Interrupt Locations A-2 34 

Stack A-2 66 

Data Areas A-2 74 

Power-On Self-Test A-5 229 

Boot Strap Loader A-21 1493 

I/O Support 
Asynchronous Communications 

(RS-232C) A-22 1551 

Keyboard A-26 1818 

Diskette A-36 2426 

Printer A-46 3201 

Display A-47 3327 

System Configuration Analysis 

Memory Size Determination A-73 5177 

Equipment Determination A-73 5208 

Cassette I/O Support A-74 5253 

Graphics Character Generator A-80 5769 

Time of Day A-82 5903 

Print Screen A-84 6077 

Fixed Disk ROM BIOS 

Fixed Disk I/O Interface A-87 1 

Boot Strap Loader A-92 399 
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LOCOUJ LINE SOURCE 



E936 OD 
E937 FF 

E938 4153444647484A 
404C3A22 
7E 

E944 FF 

E94S 7C5A5B4356424E 

403C3E3F 
E950 FF 
£951 00 
E952 FF 
E953 20 
£954 FF 

E955 
E955 5* 
E956 55 
E957 56 
E956 57 
£959 50 
E95A 59 
E95B 5A 
E95C 5B 
E950 5C 
E95E 5D 

E95F 
E95F 68 
E960 69 
E961 6A 
E962 6B 
E963 6C 
E964 60 
E965 6E 
E966 6F 
E967 70 
E960 71 

E969 

E969 373B392D343536 
2B313233302E 

E976 
E976 47 
E977 48 
E978 49 
E979 FF 
E97A 4B 
E97B FF 
E97C 40 
E97D FF 
E97E 4F 
E97F 50 
E980 51 
E981 52 
E982 53 



07EH.-1.* IZXCVBNHO? 



1942 
1943 
1944 



UC TABLE SCAN 
LABEL. BYTE 
DB 



8(1,65,86,67,66,89,90 



DB 91,92,93 



1946 I ALT TABLE SCAN 

1947 K13 LABEL BYTE 



104, 105,106,107, 108 



109,110,111,112.113 



1950 
1951 
1952 

1953 
1954 
1955 



, HUM STATE TABLE 

K14 LABEL BYTE 

DB 

I BASE CASE TABLE 

K15 LABEL BYTE 

DB 



* 789-456*1230. 



71,72.73,-1.75,-1.77 



-1,79,80.81,82,83 



1957 
1958 



, KEYBOARD INTERRUPT ROUTINE 





1959 






E987 


1960 


ORG 


0E987H 


E987 


1961 


KB_INT PR DC 


FAR 


E987 FB 


1962 


STI 




E988 50 


1963 


PUSH 


AX 


E989 53 


1964 


PUSH 


BX 


E98A 51 


1965 


PUSH 


cx 


E988 52 


1966 


PUSH 


DX 


E98C 56 


1967 


PUSH 


SI 


E98D 57 


1968 


PUSH 


01 


E98E IE 


1969 


PUSH 


OS 


E9SF 06 


1970 


PUSH 


ES 


E990 FC 


1971 


CLO 




E991 E6AA15 


1972 


CALL 


DOS 


E994 E460 


1973 


IN 


AL,KB_0ATA 


E996 50 


1974 


PUSH 


AX 


E997 E461 


1975 


IN 


AL»KB_CTL 


E999 6AE0 


1976 


MOV 


AH.AL 


E99B 0C80 


1977 


OR 


AL.80H 



I ALLOW FURTHER INTERRUPTS 



t FORWARD DIRECTION 

( READ IN THE CHARACTER 

I SAVE IT 

t GET THE CONTROL PORT 

I SAVE VALUE 

t RESET BIT FOR KEYBOARD 
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►ntrol office exchange 



— Electronic data process*, I 
complete complex includH 
ore computers. n *i 

stroke — Printed character I 

ondrawrngsandalineusedto 
the position and shape ofth! 

haracter stroke midpoints. ' 

\Zt f yslem in . wh ich data i 
>ns between stations on diff 
ms within a network are J 

^^"S^datathrourt 
Mm. (Synonymous with m£ 
»ng center.) 

Hond-forwqrd swItchlnaJ 

-switching center in which 
e accepted from the sender 
e offers it, is held in a physj.' 
d forwarded to the receiver 
c is able to accept it. ' 

— A location in which in- 
1 ,rom one circuit is tram- 
e proper outgoing circuit. , 

*r, font-change — Same as 

»nt change. 1 

^Inpat/output^Commuj 

veen the centra] computer 
pneral units of some com- 
« mav be performed over 
put channels. Each of the 
>nels allows bidirectional 
ata and control signals be- 1 
Ural computer and thepH 
:es. n 1 

— See control pand. j 

— See central process- 

»• — See file, on-line (cen- 

■ol — In a computer, the mM 
>rocessing by a single op- K^jjf 

P"*«*»Jn©; — Data pro- j 
med I at a single, central f 
la obtained from several! 
options or managerial I 
uized data processing in- 1 
ngat various managerial J 
•aphical points through- ( 
ation. f 

**P*i coordination, Hint J 
me sharing, centralized I 
►ordination. 

xchonge — The place J 
inication common car- 1 



processing element (bit slices) 



Jtes the equipment which inter- 
.^subscribers and circuits, 
[processing element (bit iIIcm) — 

'M.™ Processing element (CPE) 
**nw a 2-bit or 4-bit slice through 
^ta-processing section of a com- 
FlM 301 ^ ^tems, several CPEs 
^*™J cd ,n parallel to form a 
Msor of any desired word length 
L m ££ r ?P rocessor . which together 
W^ m,cr oprogram memory con- 
fMi st . e P" b y; st ep operation of the 
rs^or; is itself a powerful micropro- 
Mutate, sequencer. 

Jawing unit -Abbreviated 
mie unit of a computing system 
j^Uins the circuits that control 
execut »on of instruc- 

ffin^'" 9 ' UB ? lo °P-The main 
gSAt a ; c ontroI program and that 
^associated with the control of 
fSS&K? status °f the processing 
Lm^PJra" tp those control pro- 
H^S" !, - ncs deveI °ped with termi- 
B&TS' Stora » e input-output. 

temrt Un - f ' m,w «o'"PUter 

r ^VtMr».the primary functioning 
o^m-computer system. Its basic 
r^ i^ consisls of storage ele- 
$8&a^A m ' L com P u *ational 
ffi^^- 35 ^.arithmetic- 



itf.Vf,... " ,he c ° mr ol block, and 
jSS??«» J*°C*- . A micr <>Pn>cessor 

fflgsMP' associated chips. Most mi- 
~*mbuters consist of a CPU chip and 
gofc.memory and i/o. 
Niuor— See central processing 

»S!^ ,,0 r or 8"nlxoHon — The 

^S"-- •u divided into three 
SffiS;?- ""*«•»««: and control, 
gKgUtput, and memory. The arith- 

^fe ro1 Sec,ion out the 

IrEX- ,nformat,on - and «>"■ 
SflSl^ rS . eC,,ons occurs in ^is 
Iffi&fF ra ' P, rocess °r. All infor- 
ln a ? d c °ming out of the 
M$$* s< > r » handled by the in- 
ggg^noa It also comrols , he 
^^iOf all peripheral equipment. 
SsS&S? scct,on » 'he heart of the 
^f£? e "°n " Provides temporary 
(P|P data and instructions, Be? 

tar 



chain code 

hmf ?^' S im Po rta nce, the total cycle 
m?n1n r he mem ? r y is ,he ">ai" deter! 
proctor' 0 ' ° Vera11 , P eed 

C "!int'T n ll ,0 °P-A loop of instruc- 
tions which determines which task is to 
be performed nexL After each item of 
work is completed, control is trans- 

whirf? '° l He r Central canning bop 
wh.ch searches for processing requests 
■n order to determine the next itlm ,0 
be processed. The computer may ™ c e 
fy m the central scanning loop iGo 
item requires its attention, or it may eo 
mo a watt state which is interrupfid^f 
looo"^, 3 " 5 ",- '"'^"ntral scanning 
loop is the nucleus of a set of supervi- 
sory programs. ^ 
central terminal unit — Abbreviated CTU 

^eenT/^n™ 5 " «T """nication be-' 
tween , ne , e | )er consoles and h 

cessing center. It receives incomimj 

,h^ ag< V.! random inter vals, store! 
hem unt,l the central processor s ready 

^£3™*" . them ' returns the pro- 
t l d rcpl,es to the teller consoles 

a^ror tedthetransac,ions * 

"fifc Pack r a e ge ati0n Cmak Dual 

certified tope — Computer tape that is ma- 

«S C C n eck 5 d . on a " tracks^ throughout 
each roll and is certified by the supplier 
to have less than a specific total number 
of errors or to have zero errors 



certifier, tape — A peripheral device or 
unit designed to local? defectsTn maR- 
neuc tape before use. such a, Jx?<Fe 
emissions, unevenness. bubbles, etc 

CF — See control footing. 

CH — See control heading. 

^KthTrVpLf- 5 ° f i,emS ' inked to - 
SnW' * f Per,a,mn & «o a routine con- 
sisting of segments which are run 
thro Ugh the computer in tandem, only 
one segment being within the compute? 
at any one time and each segment K 

?hTLTr° fl < 0m - An instruction 
addedVaU 6 ™" " ew rec °^ to be 

Ch ?i" l COd# " r An ^ngement in a cyclic 
sequence of some or all of the possible 

63 



m< i 



Mr ! 



log, remote computing-system 

preparation of statistical and analytical 
reports dealing with the frequency of 
certain transactions, 
log, remote computing-tyttem — The re- 
mote computing system maintains a log 
of operations that take place between 
the computer and each terminal. The 
log contains such information as the 
number of statements handled, the 
number and types of errors detected, 
and the volume of output produced. 
The information in the log can be used 
lor various purposes. For example, the 
number of errors may indicate that ad- 
ditional training might be helpful. Simi- 
larly, if an individual terminal is busy, it 
might indicate the need for an addi- 
tional terminal. If the cost of the system 
is shared among terminals according to 
usage, the information in the log can be 
used for billing purposes, 
log, system — A data set in which job- 
related information, operational data, 
descriptions of unusual occurrences, 
commands, and messages to or from the 

S?SLOG bC Sl0red * Abbrevialed 

^ord" 1 ' lnttrrupt — ^ interrupt log 

longitudinal check — A system of error 
control based on the check that some 
preset rules for the formation of the 
group of bits in the same numerical 
order in all the character signals in a 
block are observed. 



longitudinal circuit — A circuit formed by 
one telephone wire (or by two or more 
telephone wires in parallel) with the re- 
turn through the earth or through any 
other conductors except those which 
. are taken with the original wire or wires 

to form a metallic telephone circuit, 
longitudinal parity chock — The data line 
terminal at the transmitting end gener- 
ates a longitudinal parity character dur- 
ing the transmission of the data charac- 
ters. This is essentially a count for even 
pari ty of all of the bits in each one of the 
bit levels for all data characters in the 
message including the start-of-message 
code but not the end-of-message code. 
This same count is also being generated 
for the bits of the data characters enter- 
ing the data-line terminal of the receiv- 
ing end. 

longitudinal rodundanco — A condition in 
which the bits in each track or row of a 
record do not total an even (or odd) 
number. The term is usually used to 

294 



loopback tost 

refer to records on magnetic u 
a system can have either oddi 
longitudinal parity, 
longitudinal redundancy 
breviated LRC. A system^ 
checking for transmission errdio 
organized into blocks has a bloc! 
or LRC character following the! 
The LRC character is develop 
forming a parity check on all bifi, 
same bit position in the blocJt&Tn 
equivalent to forming a parity bitlj 
bits located on each "channel' 
level" of paper or magnetic tap? 
longitudinal transmission check — ^ 
or odd parity check at fixed int! 
during data transmission. 
long word — See word. long. ^| 
look ahead — A feature of the Cl£« 
permits the machine to mask an T m| 
rupt request until the following ins 4, 
tion has been completed. This isT 
feature of adder circuits and ALU: 
permits these devices to lookaKS 
anticipate that all carries generate 
available for addition. 




l ° ok ^ t J M * — Fi "ding elements! 
table by direct calculation rathertT 
a comparison search. . *L 

look-up — A procedure for obttining&S 
function value corresponding to-anjS 
gument from a table of functional 
look-up Instruction — An instmcuqnj 
signed to allow reference to syste 
cally arranged, stored data. ; ^ 
look-up tabl« — A collection of : &t|L 
form suitable for ready referenced 
quently as stored in sequenced macft 
locations or written in the form'8| 
array of rows and columns fof|fL 
entry, and in which an intersection! 
labeled rows and columns serves ip 
cate a specific piece of data or infoi 
tion. . -^ijS 

look-up, table, instruction — 5« instrJ 

tion, table-look-up. '* ;.t$fi| 

look-up, table, techniques — See 'ta« 
look-up techniques. '%&t 
loop — 1. The repeated execution of 58 
nes of instructions for a fixed number^ 
times. 2. A coding technique in which? 
group of instructions is repeated^iSB, 
ally with modified instructionslKt 
modified data values. 3. A sequenegf 1 
instructions that is repeated until air 
minal condition prevails. 
loopback test — A tvpe of test in which stg 
nals are looped from a test ceni^ 



read/write scatter 

memory only. In addition, often the 
main PROM has all the control lines 
available for implementing RWM 
(read/write memory) program memory. 
In small systems ROM program mem- 
ory is used for systems in fixed applica- 
tions. RWM memory is used where it is 
desired to change the system applica- 
tion by the operator. RWM is a consid- 
erable step in small system complexity 
in hardware and programs, 
wad/write scatter — An operation per- 
formed under program control that 
reads a block of data from tape and 
breaks it up into processable elements. 
After processing, data is recombined 
and written on the tape as a block, 
ready — The status or condition of being 
ready to run. A program, task, or hard- 
ware device that is in a ready condition 
needs only a start signal in order to 
begin operation, 
ready condition — A specification or cir- 
cumstance of a job or task signified 
when all of its requirements for execu- 
tion other than control of the central 
processor have been satisfied, 
ready light — An indicator light on the 
display panel which, when on, indicates 
the equipment is ready for operation, 
ready mode, time sharing — See time shar- 
ing, ready mode, 
ready-record — A specific signal from a 
file-access mechanism to the computer 
that a record whose address was previ- 
ously provided by a seek command has 
now been located and may be read into 
memory. 

ready status word — A particular status 
word indicating that the remote com- 
puting system is wailing for entry lrom 
the terminal. 

real constants — A real constant is written 
with a decimal point, using the decimal 

digits 0, 1 9. A preceding + or - 

sign is optional. An unsigned real con- 
stant is assumed to be positive. An inte- 
ger exponent preceded by an E may 
follow a real constant. The exponent 
may have a preceding + or - sign. An 
unsigned exponent is assumed to be 
positive. 

real number — An element of a set of all 

positive and negative numbers, includ- 
ing all types: integers, zeros, mixed, ra- 
tional, irrational, etc., but not imaginary 
or complex, 
real ratio (time) — One computer lime 



real-time, batch processing 

ratio is the time interval between _ ;; 
events in a simulation by a computer U 
the problem time, or the physical sysV. 
tern time, i.e., the time interval betwecri 
corresponding events in the physical 
system being simulated. When this ratid 
is greater than 1, the operation is con- 
sidered to be on an extended time scale! 
which is a slow-lime scale. When it isl 
less than 1 it is said to be on a fast-time, 
scale, and when it is not constant during- 
the run it is said to be on a variable time 
scale. Real-time working is involved 
when it is equal to 1. ; ^ 

real time— 1. In solving a problem,*] 
speed sufficient to give an answer withu 
the actual time the problem must. Jkj 
solved. 2, Pertaining to the performance 
of a computation during the actual time 
that the related physical process trari? 
spires in order that results of the com: 
putation can be used in guiding^th 
physical process. ;[ - 
real-time address — Same as address/ 
mediate. 

real-time addressing — Same as addresslk 

ing, immediate. 
real-time application — Real-lime proc- 
essing is accomplished on a time^r^l 
rent basis. It handles the flow of data* 
from widespread manufacturing invert^* 
tories and production lines such as theA- 
shifting pattern of transportation^ 
schedules, or the scattered operations - : 
of the utility industry. For example,. U14 
airlines reservation control, the real- j 
time system provides an instantaneous p 
picture of seat availability, cancell*. 
lions, sales, and flight data for the wholej; 
airline. The airline agent simply presses .1 
buttons. vl-V, 
real-time, batch processing — The, re};' 
quirements for real-time action are 
known frequently to occur in peaks am% 
valleys. In many businesses these ^re-w 
quirements tend to increase from early^ 
morning through the middle of the day * 
and to taper off from then on. In other , 
businesses the occurrence of these de-.^ 
mands may be sporadic. The real-time^ 
system is so designed that it will auto^ 
maiically, as its facilities arc freed from* 
the dynamic demands of rea -lime proc- 
essing, load them up with the ordinary ; 
day to day backlog of less urgent work , 
of the familiar batch-processing type-- 
typically, the sequential processing o: 
sequentially ordered files such as ac- 
counts receivable, payable, or payrolls. 



identical fields. 

It is sufficient to locate the 



Appendix K 

FORTRAN IV uses SQRT () . eliminating the F, EXPF() in II, EXPQ ^ 

IV to exponentiate to a power, i.e., (2) . 
13 A READ statement is used to enter stored data into the computer. 

(a) The READ statement indicates input or output operation, which variables 

are to receive new values, and the order of the values: "READ n, list" what 

n is the statement number, and list represents the number of variables to be 

read (or printed, punched, etc.) . 
14. The FORMAT statement, which must have a statement number, describes: 

(a) One punched card (older systems) . 

(b) The specification of mode for each variable on the list. 

(1) I is used for integer mode variables. 

(2) F is used for floating-point variables punched in literal notation. 

(3) E is used for floating-point variables punched in exponential notation. 

(4) X is used to skip columns. 

(5) H is used to describe Hollerith fields. 

(c) The number of columns on the punched card which must be read for each 
specification, i.e., the field width. f r Jp ... 

(d) The number of digits following the decimal point for F and E specifications, 
fx ample (100 is the statmcnt number) 

100 F0RMAT (14, IS. F5.2, F9.7. F9.6) 
In addition: 

(e) There is an abbreviated notation for successive 
F0RMAT (14, 14. 14) = F0RMAT (314) 

(f) The decimal point does not need to be punched, 
decimal in the F0RMAT statement. If there is disagreement between the 
location of the decimal specified in the F0RMAT statement and the dec- 
imal actually punched on the card, the punched decimal takes precedence 
and is used. 

(g) Because F0RMAT statements are not executed, there are no restrictions on 
their location in the source program. It is good programming to write all the 
F0RMAT statements on a separate coding sheet and place the F0RMAT 
cards at the first part of the program. ... • i 

15 The PAUSE and STOP statements allow the programmer to check interim resulU. 
16! The END statement signals the completion of the source program and tells the 

computer to execute the object program. e „ tt > mmr%t 
17. In order to transfer control to a statement out of sequence, a GO TO statement 

is often used: (n„ n s . n a n m ) if the value of the integer variable is 1. con- 

trol will go to the first statement number listed: i.e.. n„ if 2, to n„, etc. 
18 The IF statement transfers control on the condition of the happening of a certain 
' event: IF (A - B) n,. n,. n„. If the result of (A - B) is negative, control goes to 

statement n„ if 0, to n 2 . if positive, to n 8 . . 
19. Subscribed variables (for arrays) allow the programmer to represent a numoer 01 

variables with one name. 

(a) Individual variable subscripts are called elements. 

(b) The entire set of subscripts is called an array. 

(c) Fixed and floating-point variables must not be mixed in an array. 

(d) There are a number of rules for using subscripted variables. 

(1) You must tell the computer which variables are subscripted 

(2) How many elements are there in each array, and 

(3) How many subscripts are there for each subscripted variable. 

(4) Subscript cannot be floating-point, more than 3, or precede tne DI- 
MENSION statement. 

Subscripted variables (single dimension) can represent any element ot a one- 
dimensional array or table of numbers. The variable is still a FORTKAIN van 
able of integer or floating-point mode, depending upon its first letter. 

The FORTRAN statements illustrating the set of D0 in a counting loop > below 
read one X-value at a time. The whole set of X-values can be thought ot as » 
one-dimensional array or table, 

X,. X fl , X 3 x x N 
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FORTRAN provides a means to represcn, anyjement of -^"^JE 
2 or i dimensional) array by ap^nd.ng o k sub^npt w 

pie. the variable X, can be written X ( } 'jj'^ie in FORTRAN, subscripts are 
Lee there is no upper or « t l e subscripted variable can 

represented by enclosing them -n P'^* ^ l SUMX = fTuMX + X (I) . 

^^"■^^ ™* ChanB ' ng °" ,y 

The general form of the DO statement: 

DO sn i = mi. m,, rn. 



(»>) 



wh ere sn is a statement ^^^^^ SSSir'SK 
and m„ m,. and m, are each cu her un P fa llnders ,ood to be 1. 

scripted fixed-point variables. If m, is ■ ot sta tea, ™ „ , stalcm ents 
The P DO statement tells the computer to execu ^^V^ numb 
which follow, up to and ,nc U >«»'"8 s "^executed with i = m,. In each 

statement sn. , . . . thp lise Q f tne DO statement. 

(c) There are a number of rules concerned wuh th usc^ o. t ^ ^ 

(» T'- fi-- 1 "':, h o C fonTnO Lament may contain another DO 
be executed (2) The range o ent in the range of a DO w.th 

(called ^ mner DO) (S) The last st ^ a , ran sfer of 

lontro ^ No'sta^ 1°. igg - ^ of a^DO «, a^ any of the 

SS^.T? SS or a compute, 

21 MagtucTaprwTsto. .CSX? reLlts w,^,e the computer solves the 

22 - ^t^^a^^ 5-^ are needed. 

£ 2osed functions are scored and sed as needed. ^ 
S^SSiSS ThU l ratrent d is°nmited in P that it can compute only 
FutlVand subroutine subprograms remove the limitations of the arithmetic 

statement function. nrn(rrams wh j c h have the advantage of divid- 

use of tables for their evaluation. SO RTF (X) computes the square 

jrjFH^ and the func - 

tion is floating point. 

example: Y = SQRTF (A * X 2 — 4.0 • W) 
Some other floating-point functions which are a part of the FORTRAN 

system are: 

Usage 

S ATANF (X) .■-stheprincrpal value of 
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